Background: Regular exercise has been associated with a 40%-80% reduction in risk for endometriosis in several case-control studies. However, women experiencing symptoms prior to their diagnosis may be less likely to exercise than healthy controls, thus biasing the observed association. Methods: Using data collected from the Nurses' Health Study II, a prospective cohort study of premenopausal US nurses that began in 1989, we have attempted to clarify this relation. Data are updated every 2 years with follow-up for these analyses through . In 1989 , 1991 women reported average amount of time per week engaging in various physical activities. A metabolic equivalent (MET) score was assigned to each activity, and these were summed to estimate total activity. Results: A total of 102,197 premenopausal women contributed 996,422 person-years of follow-up with 2703 cases of laparoscopically confirmed endometriosis. After adjusting for BMI at age 18, current BMI, smoking, parity, infertility status, oral contraceptive use, age at menarche, and menstrual cycle length and pattern in college, we observed only a slight reduction in the incidence of endometriosis, comparing the highest level of activity (Ն42 MET hours/week) to the lowest (Ͻ3 MET hours/week) (rate ratio ϭ 0.89 ͓95% confidence interval ϭ 0.77-1.03͔). The association was limited to participants with no past or concurrent infertility (P ϭ 0.002, test for heterogeneity). No associations were seen with inactivity. Conclusions: In this first prospective assessment, we did not find evidence of the strong inverse association previously reported, although we cannot rule out a modest inverse association. (Epidemiology 2010;21: 16 -23) 
asked to report when the diagnosis had occurred (before September 1989, September 1989 -May 1991, and June 1991-May 1993, which correspond to the follow-up periods) and if it had been confirmed by laparoscopy-a standard surgical method for diagnosing endometriosis. 14, 15 These questions were asked again in each subsequent questionnaire.
As described previously, 16 we conducted a study in March 1994 to validate self-reported endometriosis diagnosis within the Nurses' Health Study II prospective cohort. Supplementary questionnaires were mailed to 200 women who were randomly selected from the then 1766 cases who had reported incident diagnosis. Among those who reported laparoscopic confirmation and for whom records were received and reviewed (n ϭ 105), a diagnosis of endometriosis was confirmed in 96%. However, among women without laparoscopic confirmation (n ϭ 26), evidence of clinical diagnosis was found in only 54% of the records. Severity data (defined by the staging system outlined by the American Society for Reproductive Medicine) suggested that the majority of laparoscopically confirmed cases (61%) had minimal or mild disease. Requests for permission to review medical records were also sent to any woman who indicated that she had had a hysterectomy during the 2-year interval of reported endometriosis diagnosis. A diagnosis of endometriosis at the time of surgical procedure was confirmed in 80% of the records received (n ϭ 144/181). Endometriosis was the primary indication for hysterectomy in only 6% (n ϭ 9/163) of women for whom indication information was available.
Based upon these validation results, self-reported physician-diagnosed endometriosis without laparoscopic confirmation may be substantially misclassified. In addition, allowing women to be cases if they report endometriosis and a hysterectomy in the same follow-up period might yield spurious results, because it would be unclear whether the associated risk factors are related to endometriosis or to the pathology for which the hysterectomy was performed. Therefore, to reduce the magnitude of misclassification and prevent confounding by indication for hysterectomy, we restricted the analyses of incident diagnosis of endometriosis to those women who reported laparoscopic confirmation of their diagnosis.
Within this restricted case definition, the relation between endometriosis and infertility status is complex. At baseline, the prevalence of infertility (defined as attempting to become pregnant for more than 1 year without success) was greater among women with laparoscopic confirmation (20%) than among those who were clinically diagnosed without laparoscopic confirmation (4%). The prevalence of endometriosis in a multicenter study of infertility was 17% 10 ; in other studies, the prevalence has varied from 9% to 50%. 17, 18 We might assume that cases with infertility and laparoscopy are less likely to have had pelvic pain because they likely underwent exploratory laparoscopy to identify the cause of infertility rather than pelvic pain. Had these women not attempted to become pregnant, a large proportion may never have received a laparoscopic diagnosis of endometriosis. Conversely, we may also assume that cases with no infertility that have had a laparoscopic diagnosis are more likely to have experienced pelvic pain symptoms; otherwise, an invasive surgical evaluation would not have been conducted. Under these assumptions, we believe that endometriosis with infertility may be indicative of asymptomatic disease secondary to other primary causes of infertility, and that the risk factors for endometriosis with infertility could differ from those for endometriosis without infertility. Hence, we looked at risk factors separately by infertility status.
Additionally, in a sensitivity analysis we censored women at first report of an infertility work-up that did not result in a diagnosis of laparoscopically confirmed endometriosis and created 2 case groups: cases with neither past nor concurrent infertility and cases with concurrent infertility. Both case groups were compared with the never-infertile participants. Within this cohort, self-reported infertility was validated in a study of 100 randomly selected women who reported ovulatory infertility-95% of the self-reports were confirmed through medical record review. 19 
Assessment of Exposure
Adult physical activity was evaluated in 1989, 1991, and 1997. Nurses were asked about their recent nonoccupational physical activity. 20 They reported the average time spent per week during the past year on each of the following activities: walking or hiking outdoors; jogging (slower than 10 minutes/mile); running (10 minutes/mile or faster), bicycling (including use of a stationary bicycle); racquet sports; lap swimming; calisthenics, and other aerobic activity (such as lawn mowing). Each woman also reported her usual walking pace (easy, normal, brisk, or very brisk).
A metabolic equivalent (MET) score was assigned to each of the 8 activities above. We multiplied the reported hours per week engaged in each activity by the MET score and summed the values for the individual activities to create MET hours/week for total activity. 20 To better estimate longterm activity, we also cumulatively averaged the total activity MET hours/week. At the beginning of each 2-year follow-up cycle, the cumulative average MET hours/week was the mean of all MET-hours/week values calculated from the questionnaires up to that time. We chose to categorize the METhours/week variables into multiples of 3 because 3 METs is the score for 1 hour of walking. Additionally, the nurses were asked about inactivity on each of the questionnaires. The hours per week spent standing at work or home and sitting at work, watching television, or other sitting at home were summed into variables for total hours per week spent sitting and standing.
The reproducibility and validity of self-administered questionnaires on adult physical activity and inactivity were examined in a random (representative) sample of the Nurses' Health Study II cohort. 21 Repeat questionnaires were administered 2 years apart. Past-week activity recalls and 7-day activity diaries were the referent methods; these instruments were sent to participants 4 times over a 1-year period. The 2-year test-retest correlation for activity was 0.59 for the representative sample (n ϭ 147). Correlations between activity reported on recalls and that reported on the questionnaire were 0.79. Correlations between activity reported in diaries and that reported on the questionnaire were 0.62. Test-retest coefficients for inactivity were 0.52. Correlations between inactivity reported in diaries and that reported on the questionnaire were 0.41. Other analyses of 2 cohorts have demonstrated associations between adult physical activity and ovulatory disorder infertility 22 and breast cancer risk. 23 Cumulatively, these data indicate a valid measure of physical activity with enough variability to successfully address the association with endometriosis.
Statistical Analysis Exclusion Criteria
Those who reported the diagnosis of endometriosis or a history of infertility before September 1989 were excluded from all analyses. Analyses were also restricted to those who were premenopausal and had intact uteri, because the occurrence of endometriosis after hysterectomy or in postmenopausal women is rare. Women with prior cancer diagnoses (other than nonmelanoma skin cancer) also were excluded.
Person-Time Calculation
Person-months at risk were calculated from entry into the cohort until independently confirmed death or cancer diagnosis (other than nonmelanoma skin cancer), or selfreported laparoscopically confirmed endometriosis diagnosis, hysterectomy, or the onset of menopause. Women who reported physician-diagnosed endometriosis with no laparoscopic confirmation were censored at the time of that report, but were allowed to re-enter the analysis population if they reported laparoscopic confirmation on a subsequent questionnaire. In addition, we conducted a sensitivity analysis by censoring women at self-report of infertility if an infertility work-up was completed, because infertility is so strongly correlated with diagnosis of endometriosis via laparoscopy. In these analyses our comparison group consists of women with no infertility, allowing for a more homogeneous comparison group (previously described in detail). 16 
Relative Risk Estimation
Incidence rates for each exposure category were computed as the number of incident cases divided by the persontime accumulated. Time-varying Cox proportional hazards models treating age in months and 2-year questionnaire period as the time scale were used to estimate multivariate incidence rate ratios (RRs) and to calculate 95% confidence intervals (CIs), after adjusting simultaneously for confounding variables. Tests for trend in ordinal categorical exposures were calculated by creating an ordinal variable in which the median value or midpoint of each category was assigned to all participants in that group. To evaluate whether the physical activity and endometriosis associations varied by infertility status and levels of other risk factors, we conducted stratified analyses, and we calculated likelihood ratio tests comparing models with both the main effects and the interaction terms to those with the main effects only.
RESULTS
After baseline exclusions, 102,197 women contributed 996,422 person-years of follow-up, with 2703 incident cases of laparoscopically confirmed endometriosis. These included 1857 cases with no infertility and 846 cases with an infertility evaluation prior to or during the same follow-up period as laparoscopic confirmation of endometriosis.
Women who were the most active were more likely to be younger, nonsmokers, have an older age at menarche, be nulliparous, and have shorter menstrual cycle lengths in late adolescence ( Table 1) . While current BMI decreased with increasing activity, BMI at age 18 was not related to current/ adult physical activity. Oral contraceptive use and cycle regularity were also not related to physical activity. Additionally, the number of livebirths among parous women did not vary by amount of physical activity.
Total physical activity levels were weakly associated with the rate of laparoscopically confirmed endometriosis. Compared with the least active women (Ͻ3 MET hours/ week), the most active women (Ն42 MET hours/week) had an 11% reduction in the risk of endometriosis (RR ϭ 0.89 ͓95% CI ϭ 0.77-1.03͔; P ϭ 0.11, test for trend) ( Table 2) . The association was similar when using a cumulatively averaged measure of physical activity. Among participants with no infertility, we observed a similar slight decrease trend in risk. However, among participants with infertility there was no association. The rate ratio comparing the most active women with the least was 1.00 (0.76 -1.32; P ϭ 0.002, test for heterogeneity).
Because the timing of disease onset, rather than disease diagnosis, cannot be known with an outcome such as endometriosis, we cannot know whether the exposure data collected 2 years prior to diagnosis actually captured the exposure before the onset of symptoms. For this reason, we repeated our analysis of total activity by lagging the activity data so that only exposures 4 and 6 years prior to the laparoscopic diagnosis of endometriosis were considered (data not shown). Considering physical activity 4 years prior to diagnosis, there was a 9% reduction in risk for women engaging in Ն42 MET hours/week of activity compared with Ͻ3MET hours/week (RR ϭ 0.91 ͓CI ϭ 0.77-1.07͔), which is similar to the result with the more proximate activity data.
However, using activity levels reported 6 years prior to diagnosis, there was no relation between high level of activity and endometriosis (0.98 ͓0.79 -1.20͔).
Each of the 8 types of activities on the questionnaire were tested for an association with endometriosis. Only the most common activities (ie, walking, bicycling, and aerobic exercise), are shown in Table 2 . Among all women, there were small inverse trends between walking and biking and the rate of laparoscopically confirmed endometriosis. The association was stronger with aerobic exercise, and also in women with no infertility (compared with women with past or concurrent infertility, test for heterogeneity P ϭ 0.02).
We conducted a sensitivity analysis with more conservative inclusion criteria. We censored women who reported an infertility work-up without a diagnosis of endometriosis and created 2 case groups: cases with no past or concurrent infertility, and cases with concurrent infertility. Among cases with no history of infertility, we observed associations similar to those in Table 2 (data not shown). Among cases with concurrent infertility, the associations between physical activity and endometriosis were stronger. Compared with women with the least amount of activity, those with the greatest amount had a 30% reduction in risk of endometriosis (0.70 ͓0.48 -1.02͔). Using cumulatively averaged activity, the association was stronger (0.62 ͓0.41-0.92͔). No association was seen for walking or biking, but a 32% reduction in risk was observed for Ն1 hour per week of aerobic exercise (0.68 ͓0.50 -0.91͔).
To examine potential effect modification by other variables, the analyses were stratified by oral contraceptive use (ever, never), breast, or pelvic examination by a physician in the past 2 years (a proxy for frequency of use of the medical system), BMI (Ͻ25, Ն25 kg/m 2 ), and nulliparity (data not shown). The associations between total activity and the indi-vidual activity types were similar across the levels of oral contraceptive use, breast/pelvic examination, and BMI. Although there was no strong evidence for effect modification by parity (P ϭ 0.38, test for heterogeneity), there appeared to be a protective association of total activity among nulliparous women, and no association in parous women. Among nulliparous women, the rate ratio comparing the greatest amount of physical activity with the least was 0.81 (0.66 -1.01), while among parous women the rate ratio was 0.95 (0.77-1.17). This pattern was similar for cumulatively averaged total activity, walking, and aerobic exercise.
We also assessed the association of inactivity with the incidence of laparoscopically confirmed endometriosis. Neither hours spent sitting per week nor hours spent standing were associated with endometriosis. A combination variable of high and low hours of sitting and standing per week also showed no association ( Table 3 ). The null associations were similar across levels of infertility. To examine whether there is a synergistic relation between activity and inactivity, we dichotomized hours spent sitting and total activity MET hours/week on their median values and created a 4-tiered variable of (a) high inactivity and low activity, (b) high inactivity and high activity, (c) low inactivity and low activity, and (d) low inactivity and high activity. Compared with women who were the most inactive, we observed an 11% increase in risk among women who spent less time sitting but who also were not heavy exercisers (1.11 ͓0.99 -1.24͔), but no evidence of increased risk comparing the most active women to the most inactive women (0.94 ͓0.84 -1.06͔).
DISCUSSION
In this prospective study among premenopausal women, we observed a small inverse association between adult total recreational physical activity (measured in MET Epidemiology • Volume 21, Number 1, January 2010 Adult Physical Activity and Endometriosis Risk hours/week) and incidence rates of laparoscopically confirmed endometriosis. Among various activity types, a similar protective effect was seen for aerobic exercise, although there was little effect for other activity types. When stratified by infertility status, the associations were limited to women with no infertility. Inactivity was not found to be associated with endometriosis.
Because endometriosis and infertility are highly correlated, especially when the case definition is restricted to those women who have had a laparoscopic confirmation of endometriosis, we conducted a sensitivity analysis in which we censored women who reported an infertility work-up without a diagnosis of endometriosis. We believe this is a more conservative approach to the analysis than allowing infertile women to contribute person-time, because it is difficult to discriminate between risk-factor associations with endometriosis risk and associations with infertility risk. When we repeated our analysis with this censoring and with 2 case definitions (cases without past or concurrent infertility and cases with concurrent infertility) the association was similar among cases with no past or concurrent infertility as among all participants with no infertility (Table 2 ). However, when comparing cases with concurrent infertility to participants with no infertility, we observed a 30% reduction in risk of 19 -20.4, 20.5-21.9, 22-24.9, 25-29.9 , Ն30 kg/m 2 ), smoking (never, past, current), parity (0, 1ϩ), infertility status, OC use (never, past, current), age at menarche (Ͻ10, 10, 11, 12, 13, 14, 15 Four case-control studies have found inverse associations between physical activity and the risk of endometriosis, with relative risks ranging from 0.2-0.6. 10 -13 In 2 of these studies, the inverse associations were seen when comparing infertile cases to fertile controls. 10, 11 In the other 2 studies, cases were not described as being infertile but they were much more likely to be nulliparous than controls. 12, 13 Only the study by Signorello et al 11 had an infertile control group as well as a fertile control group. Comparing infertile cases to infertile controls, they found no association.
There are 2 plausible explanations for why the casecontrol studies found large protective associations and we did not. First, the comparison of fertile cases to infertile controls may have biased the associations. When we compared infertile cases with fertile participants we observed a 30% reduction in risk comparing the greatest amount of activity to the least (RR ϭ 0.70 ͓0.48 -1.02͔, data not shown). Fertile controls may not be an appropriate control group for infertile cases. Controls should be representative of the source population from which the cases arose. If all of the cases are infertile, then they did not arise from a fertile population, and therefore the use of fertile controls may have led to bias.
The retrospective design of the case-control studies, compared with the prospective design of the Nurses' Health Study II, may also have contributed to the difference in findings. If cases in these studies were experiencing symptoms prior to their diagnoses, they may not have felt well enough to exercise. The proportion of healthy controls able to exercise would be higher and there would appear to be a stronger protective effect. Because it is impossible to know the exact time at onset of this disease, our analyses are based on incidence of endometriosis diagnosis rather than incidence of disease onset. It is important to consider the possibility that the physical activity levels we observed may still be affected by underlying disease that preceded diagnosis, even in this prospective analysis. We repeated our analysis of total activity by lagging the exposures. Comparing the highest amount of activity to the least 4 years prior to diagnosis, we observed a moderately protective association similar to that seen with 19 -20.4, 20.5-21.9, 22-24.9, 25-29.9 , Ն30 kg/m 2 ), smoking (never, past, current), parity (0, 1ϩ), OC use (never, past, current), age at menarche (Ͻ10, 10, 11, 12, 13, 14, 15 activity levels 2 years prior to diagnosis. However, the association was attenuated with activity 6 years prior to diagnosis. These lagged analyses were limited by a smaller number of cases. Fifty percent of cases were diagnosed in the first 2 reporting periods and these cases had to be excluded when lagging the exposures. Reports of the delay between first symptom and diagnosis of endometriosis have ranged from 3 to 15 years, 24 -27 so it is likely that our cases were experiencing pelvic pain years before their laparoscopic diagnoses. If their symptoms influenced their activity levels then it is possible that the small protective effect we observed was not due to a biologic mechanism but rather due to impairment. Therefore this analysis may be subject to the same bias as the case-control studies. We can assume that cases with no infertility who have had a laparoscopic diagnosis had experienced pelvic pain; otherwise a surgical evaluation would not have been conducted. If the small protective effect we observed is actually due to the influence of early symptoms on activity and not due to a true causal effect of activity, then we might expect that the protective trend would be unique to the cases with no infertility, and this is indeed what is seen in Table 2 .
We adjusted our models for potential confounding by age, calendar time, BMI at age 18, adult BMI, smoking status, parity, oral contraceptive use, age at menarche, and menstrual cycle length and regularity between ages 18 and 22. These variables are associated with physical activity levels and/or endometriosis. The most active women were more likely to have had shorter cycle lengths between ages 18 and 22. High levels of physical activity are usually associated with longer or irregular cycles. 28 It should be noted that these 2 variables do not capture exposures for the same time period, but we are unsure why we would see this association in our data. Although we included cycle lengths in our models, we did not find that it confounded the association between activity and endometriosis. Parity was found to be an important confounder of the association between physical activity and endometriosis. Nulliparous women in this population are more likely to exercise, and they have an increased risk of endometriosis. 29 When not adjusted for nulliparity but adjusted for other factors, we observed a relative risk of 1.01 (0.87-1.17) comparing Ն42 to Ͻ3 MET hours/week of total activity (data not shown). Although this relative risk is within the confidence interval of the fully adjusted association (0.89 ͓0.77-1.03͔), it is qualitatively different.
An advantage of this study is that we were able to evaluate the relation with inactivity. Physical activity and inactivity appear to be independently associated with BMI, triglycerides, HDL cholesterol, leptin, and type 2 diabetes, 30 -35 suggesting that physical activity and inactivity represent separate but overlapping domains. 36 We did not see an association between the rate of endometriosis and hours spent sitting or standing per week. Because the women who spent the most time sitting each week could also have been frequent exercisers, we dichotomized time spent sitting and MET hours/week of total activity to tease out those women who did not exercise much and also were inactive. However, no patterns between the amount of inactivity and activity and the risk of endometriosis were observed.
The median level of total physical activity in our population corresponds to about 1 hour per week of running or 4 hours per week of walking. Although the physical activity questions that were asked have shown good reproducibility and validity, 21 we are relying on self-reported activity, which is an imperfect measure of exposure. However, associations with ovulatory disorder infertility 22 and breast cancer risk 23 have been found using this exposure data in this cohort, suggesting that our finding of only a small association between activity and endometriosis is unlikely to be the result of exposure misclassification. An additional limitation of our exposure measurement is that it captured only recreational activity and not physical activity from household and occupational activity and childcare. We therefore have underestimated the nurses' true total activity levels. However, given that we did not observe strong associations in the high range of activity (Ն42 MET hours/week), it seems unlikely that the less strenuous nonrecreational activity we did not capture would have contributed much to an association with endometriosis.
The large sample size and prospective design of the Nurses' Health Study II offer a unique opportunity to clarify the temporal relations between activity and endometriosis. We observed a weak protective effect among fertile participants for total recreational physical activity reported 2 years before diagnosis and a slightly stronger protective effect for aerobic exercise on the rate of laparoscopically confirmed endometriosis. These findings were considerably smaller than the relations previously reported in case-control studies. We found that activity reported 6 years before diagnosis and inactivity were not associated with endometriosis. This analysis does not address the effect of early-life physical activity, but a study of adolescent activity is ongoing. Further analyses to replicate these findings will help to clarify the relation between activity and endometriosis.
